The purpose of this scoping review was to present the state of research regarding optometric infection control guidelines for the assessment of patients with methicillin-resistant Staphylococcus aureus (MRSA) and to identify any areas requiring further research. Twelve articles were carefully chosen for review. Data extracted included information regarding appropriate handwashing methods (five articles), indications for use of personal protective equipment (one article), management of surfaces that come in contact with an MRSAinfected person (three articles), recommendations for patient appointment scheduling/seating (three articles) and suggestions for staff training (three articles). The results of the review demonstrated that there exist many gaps in the literature regarding comprehensive optometric-specific infection control guidelines. Further research regarding appropriate handwashing methods, equipment disinfection techniques, extent and breadth of staff training and indications for use of personal protective equipment is required to better understand what precautions must be taken in an optometric setting when encountering patients with MRSA.
With advancements in healthcare and the anticipated growth of the elderly population, optometrists should expect more frequent encounters with patients colonised or infected with multi-drug-resistant organisms. Out of the seven most prevalent antibiotic-resistant organisms, an optometrist should be particularly familiar with methicillin-resistant Staphylococcus aureus (MRSA) since the prevalence of those with this particular bacterium is on the rise. 1 In addition to awareness of appropriate treatment for MRSA ocular infections, consideration should be given to antimicrobial stewardship and appropriate infection control guidelines to prevent further infection. Staphylococcus aureus is a Gram-positive bacterium that is most commonly associated with soft tissue and skin infections. Approximately 33 per cent of the population carry the bacteria in their nose 2 and on other areas of the body without any symptoms of illness. Colonies of Staphylococcus aureus lead to infection when allowed entry into the body from some form of insult. The bacteria quickly became resistant to penicillin through the production of ß-lactamases (or betalactamases) that destroy the antimicrobial drug. 3 Methicillin was formed to resist damage from the beta-lactamases. 4 Methicillin was first available as an antimicrobial agent in 1959. 1, 5 Resistance rapidly occurred. 3 As early as 1961, methicillinresistant strains were isolated in the UK. This was followed quickly by recovery of resistant isolates in Japan, Australia and the USA.
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MRSA is a subcategory of Staphylococcus aureus bacteria that is resistant to the betalactam antibiotics and cephalosporins. 6 The mechanism of Staphylococcus aureus resistance to beta-lactam antimicrobial agents occurs as a result of the production of unique penicillin-binding proteins. In order for beta-lactam antibiotics to effectively eliminate the bacteria, there must exist a high affinity to the penicillin-binding proteins. 3 There are two discrete categories of MRSA infections: hospital-associated (HA-MRSA) and community-associated (CA-MRSA) infections. HA-MRSA cases are those that: (i) occur more than 48 hours after hospital admission; (ii) have a past history of MRSA colonisation or infection; (iii) have a history of surgery, dialysis, hospitalisation, or admittance to a long term care facility within the previous year; or (iv) have an indwelling catheter or any medical device that pierces the skin (tracheostomy tube, gastrostomy tube). CA-MRSA cases are those that do not fit within any of the criteria for HA-MRSA. 6, 7 Of those individuals who are carriers of the Staphylococcus aureus organism, two per cent are colonised with MRSA but do not have active infection and 65 per cent of those who are colonised culminate in an active MRSA infection. 2 MRSA is transmitted by direct skin-to-skin contact or exposure to objects that have been in contact with an individual with MRSA. 8 In Canada, the first reported cases of MRSA were in 1981. 9 The Canadian Nosoco- 12, 13 Optometrists need to do their part in controlling the transmission of MRSA in their practices. While general infection control policies, including disinfection guidelines, are well-ingrained, information to determine the necessary infection control guidelines to reduce the incidence of MRSA within an optometric practice is not readily available. An initial search revealed references to general guidelines located within public health which are comprehensive, but not specific to optometry. [14] [15] [16] Inferences to an optometric practice must be made which is fraught with the potential for incorrect implementation. Others may be specific for eye care professionals, but are not comprehensive 17 or consistently specific for MRSA infection control guidelines [18] [19] [20] warranting the need for a more comprehensive search.
When encountering an individual with MRSA colonisation or infection, optometrists should be aware of the appropriate and optometry-specific infection control guidelines, in addition to considerations for selection of correct antibiotics and antimicrobial stewardship. 1 The intent of this study was to determine and disseminate the existing research regarding optometry-specific infection control guidelines for the assessment of patients infected with MRSA.
Methods
The scoping review guidelines proposed by Arksey and O'Malley 21 were closely observed: identifying the research question, ascertaining relevant literature, choosing appropriate studies, retrieving data and collating, condensing and publishing results. 21 The appropriate research question was created following a team meeting: 'What is known about existing infection control guidelines for the assessment of patients with MRSA in an optometric practice? ' The keywords chosen for the search were MRSA, optometry and guidelines, with several variations selected with the support of the institution librarian. See Appendix S1 for a complete list of search terms. Seven databases were searched between 16 and 27 June 2016. No timeframe limitations were imposed. Publications not written in English, or duplicates, were removed at the onset. The initial search results are outlined in Table 1 .
The abstracts of each article were reviewed by two independent researchers following the development of numerically coded exclusion criteria (Appendix S2). Publications without abstracts were excluded. Articles were rejected from the review if they did not mention MRSA, optometry and guidelines, or an alternative acceptable term as listed in Appendix S1. Book chapters and letters to the editor were not included, nor were research utilising non-human participants. Articles were not limited to those based on original research. A third researcher was enlisted to review the abstract if the initial researchers were not in agreement.
The second stage involved a full article review. Two independent researchers reviewed the full articles and extracted the following data: number of participants, age, gender, presence of controls, method of participant selection and study design, aim of the research/article, in addition to information which would assist in determining an optometry-specific MRSA infection control guideline. This included recommendations for those with active infection or colonisation regarding appropriate handwashing method, indications for use of personal protective equipment, management of surfaces that come in contact with mucous membranes/tears (that is goniolens, tonometer probe), management of surfaces that come in contact with other areas of an MRSA-infected person in the waiting room, eye care professional office and equipment (that is slitlamp, examining chair, occluder) and other areas within an optometric office, recommendations for affected patient appointment scheduling and seating and recommendations for staff training.
Results
The search yielded 446 potential articles to review with 12 articles meeting the criteria for final data selection. 
Data on management of surfaces
The study by McGrath et al. 28 concluded that peroxide systems were effective at eliminating MRSA on contact lens cases. Regarding other frequently utilised optometric tools, such as tonometer and ultrasonography probes, Reem et al. 30 concluded that the current disinfection regime of swabbing with alcohol is sufficient since no strains of MRSA were isolated from these surfaces. However, they did discover that varying MRSA strains were recovered from high traffic surfaces, such as doorknobs, biomicroscope headrests and chinrests, and keyboards. They recommended ensuring that these surfaces were regularly cleaned and disinfected in conjunction with implementation of scheduled surveillance to direct modification of cleaning procedures if necessary. 30 The use of disposable instruments when possible was also recommended. 23 Data on staff training and recommendations for infected patient scheduling and seating
Training and education of staff was endorsed 22, 25, 30, 32 with specific emphasis on appropriate hand washing. 22, 32 Isolation of patients was suggested 22, 23, 29 with the recommendation to schedule infected patients at the end of the day.
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Discussion
The purpose of this review was to present the state of the literature on optometryspecific MRSA infection control guidelines. It should be noted that the goal was not intended to evaluate the quality of the research. The results of this scoping review highlight the need for optometry to have consistent infection control criteria and policies in place to be able to be proactive in preventing the spread of communityacquired superbugs like MRSA. The research in this particular area is quite limited with little information retrieved upon data extraction.
Summary of recommendations on infection control for optometrists
No set guidelines for optometry-specific MRSA infection control guidelines were found. This could be because optometry tends to be, with the exception of a few procedures, fairly non-invasive. It is assumed that optometrists in hospitals likely follow MRSA guidelines set by the hospitals; however, for the majority of practitioners Several factors appear to be consistent between the reviewed articles, including the importance of handwashing, and cleaning and disinfecting all surfaces that come in contact with an infected individual. However, the data is incomplete and there is insufficient information regarding the correct method of disinfection. There is also no information regarding the appropriate indication for use of PPEs such as disposable gloves, finger cots and masks.
Staff education is recommended; however, one would argue that education should extend beyond effective handwashing techniques. It is also suggested that there might be some benefit to using disposable instruments when possible. This implies that it may be prudent for the optometrist to have available disposable tonometer probes and other disposable instruments which come in direct contact with the patient. Consideration should also be made to adjust scheduling so the patients can be seen at the end of the day to avoid contact with other patients.
While the information extracted was not consistent between the articles, there is evidence to support that certain precautions should be made when optometrists manage patients with MRSA colonisation and infection. It is important to obtain a complete medical history from patients, including MRSA status and their risk of acquiring MRSA.
Strengths and limitations
This study summarises a few consistent recommendations regarding infection control procedures, namely the importance of handwashing and disinfection of surfaces contacting an infected person in addition to staff education and appropriate scheduling of patients. It also highlights the absence of consistent research regarding optometry-specific infection control guidelines for the assessment of patients infected with MRSA. One limitation of this review was a lack of analysis of grey literature material such as Google Scholar; however, six relevant databases with peer reviewed articles were fully explored.
Conclusion
Although the information gained from this review is useful, it is incomplete. Effective handwashing and disinfection methods or indications for use of disposable tools, appropriate suggestions for use of PPEs and the extent and breadth of staff education should be further explored. This research, with consideration of the information contained in currently developed general public health policies and guidelines, is required for development of formalised optometryspecific MRSA infection control guidelines.
Extracted information category
Article where information retrieved Staff training 22, 25, 32 Infected patient scheduling 22, 23, 29 Infected patient seating 22, 23, 29 Reporting required? 29 (but not applicable to optometric practise)
MRSA: methicillin-resistant Staphylococcus aureus, PPE: personal protective equipment. 
